Abstract: Aiming at restructuring the conventional energy delivery infrastructure, the concept of 9 energy Internet (EI) has been popular in recent years. Outstanding benefits from an EI include 10 openness, robustness and reliability. Most of the existing literatures focus on the conceptual design
Introduction

25
Over the last few decades, global warming, energy crisis and ecological issues have promoted 26 the research of renewable power generation and distributed energy networks [1, 2] . For the 27 integration of a variety of distributed energy resources (DERs), microgrids (MGs) play an important 28 role [3, 4] . In MGs, the produced power by renewable energy sources (RESs) including photovoltaic 
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Power balance equation of MG 1 , MG 2 and MG 3 can be expressed in (1), (2) and (3), respectively:
The change of , and are denoted as Δ , Δ and Δ , respectively. 
181
We assume that BES and FES devices are equipped with internal controllers and respond to the AC 182 bus frequency deviation [21] . and can be obtained by: 
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According to (1), (4)- (8) and (16), the linearized block diagram of MG 1 is illustrated in Figure 2 .
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According to (2), (9)- (11) and (16), the linearized block diagram of MG 2 is illustrated in Figure 3 .
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According to (3), (12)- (15) and (16) 
213
The EI system (16) is a multi-input-multi-output (MIMO) control system with the nominal plant 214 and the controller .
In this section, the EI system robustness issue is formulated as the structure specified mixed 221 2 / ∞ control problem, whereas the operation cost management issue in EI is formulated as a multi- 
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where ‖•‖ ∞ refers to the usual ℒ ∞ [0, ∞) norm. So, we have
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Base on (19), the size of the system uncertainties is obtained by 1/‖( + ) −1 ‖ ∞ , which also 246 implies the robust stability margin against the system uncertainties. Hence, the controlled system's 
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Thereby, considering system robustness, the structure specified mixed 2 / ∞ control objective 
281
where is the electricity price based on real-time electricity market.
282
The third objective function aims at reducing the additional cost involved by all the controllers 283 utilized in the studied EI system. Although a stronger controller may lead to better performance, the 284 probability of over-control is greatly increased. The situation of over-control will bring additional 
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where Ω is the set of all the controllers in the studied EI system. According to Section 2, we have
, 12 , 23 }. By minimizing , the situation of over-control
290
can be avoided effectively.
291
Taking three objective functions (24)-(26) and the preference of decision maker into 292 consideration, the system operation cost function is formulated by:
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where 1 , 2 and 3 are weighting coefficients.
295
The Mixed Control Objective
296
The mixed control target is described by the sum of the structure specified mixed 2 / ∞ control 297 objective function and the system cost optimization control objective, defined as
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In this paper, our control target is to minimize , subject to:
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In (30), ∈ and ∈ . is the set of all the proportion parameters, and = 
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The flowchart of PSO algorithm is shown in Figure 6 . 
Simulation Results under the Proposed Controller
316
According to real engineering practice, system parameters are given in Table 1 Figure 7 , the optimized objective function value is 18.3267.
320
The proposed mixed 2 / ∞ controller is: 
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As is shown in Figure 8 
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333
The effect of the proposed method is compared with that of the conventional ones. Conventional 334 methods include using only robust control which minimizes 1 in (23) subject to (30) and using only 335 optimal control which minimizes 2 in (27) subject to (30). 
Comparing the Proposed Controller with the Optimal Controller
337
First, let the conventional method be only using optimal control strategies which minimizes 2 338 in (27) subject to (30).
339
The controlled frequency deviation of MG 1 obtained by both the proposed method and the 
